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L A N D I N G  PRACTICES OF GENERAL A V I A T I O N  P I L O T S  
I N  SINGLE-ENGINE L I G H T  AIRPLANES 

Maxwell  W .  Goode ,  Thomas C .  O ' B r y a n ,  
K e n n e t h  R .  Y e n n i ,  R o b e r t  L .  C a n n a d a y ,  

a n d  Marna H .  Mayo 
L a n g l e y  R e s e a r c h  C e n t e r  

SUMMARY 

The m e t h o d s  a n d  t e c h n i q u e s  u s e d  by a g r o u p  o f  g e n e r a l  a v i a t i o n  
p i l o t s  d u r i n g  t h e  l a n d i n g  p h a s e  o f  l i g h t  a i r p l a n e  o p e r a t i o n s  h a v e  
b e e n  d o c u m e n t e d .  T h i s  r e p o r t  c o n t a i n s  t h e  r e s u l t s  o f  616 l a n d i n g s  
made by 22 p i l o t s  i n  2 m o d e r n ,  f o u r - p l a c e ,  s i n g l e - e n g i n e ,  l i g h t  
a i r p l a n e s  ( o n e  h a v i n g  a low w i n g  a n d  t h e  o t h e r ,  a h i g h  w i n g ) .  The 
l a n d ' i n g s  were made on b o t h  a l o n g  runway ( 1 5 2 4  m ( 5 0 0 0  f t > >  a n d  a 
s h o r t  runway ( 7 6 2  m (2500 f t ) ) ;  b o t h  r u n w a y s  were c o n s i d e r e d  t y p i -  
c a l  o f  t h o s e  u s e d  i n  g e n e r a l  a v i a t i o n .  The r e s u l t s  g e n e r a l l y  show 
t h a t  mos t  o f  t h e  a p p r o a c h e s  were f a s t  w i t h  c o n s i d e r a b l e  f l o a t i n g  
d u r i n g  t h e  f l a r e s  a n d  w i t h  t o u c h d o w n s  t h a t  were r e l a t i v e l y  f l a t  o r  
nose - low.  

I N T R O D U C T I O N  

The  N a t i o n a l  A e r o n a u t i c s  a n d  S p a c e  A d m i n i s t r a t i o n  ( N A S A )  h a s  
u n d e r t a k e n  a research  p r o g r a m  t o  documen t  m e t h o d s  a n d  t e c h n i q u e s  
u s e d  by g e n e r a l  a v i a t i o n  p i l o t s  t o  l a n d  a i r p l a n e s .  T h i s  e f f o r t  w a s  
p r o m p t e d  by t h e  g e n e r a l  a v i a t i o n  s a f e t y  r e c o r d s  i n c l u d e d  i n  r e f e r -  
e n c e  1 .  These  r e p o r t s  i n d i c a t e  t h a t  most a c c i d e n t s  u n d e r  v i s u a l  
f l i g h t  r u l e s  (VFR) o c c u r  d u r i n g  t h e  l a n d i n g  p h a s e  of  s i n g l e - e n g i n e ,  
l i g h t  a i r p l a n e s  f l o w n  f o r  p l e a s u r e .  I n  t h e  v a s t  m a j o r i t y  o f  t h e s e  
a c c i d e n t s ,  t h e  p i l o t  i s  t h e  c a u s e  o r  a t  l e a s t  a c o n t r i b u t i n g  f a c t o r .  



Many f a c t o r s  i n f l u e n c e  p i l o t  p e r f o r m a n c e  t o  v a r y i n g  d e g r e e s ;  some 
o f  t h e s e  f a c t o r s  a r e  d e f i n e d  i n  r e f e r e n c e  2 w i t h  t h e  d e g r e e  of 
i n f l u e n c e  f o r  each f a c t o r .  

For  t h i s  s t u d y ,  two m o d e r n ,  f o u r - p l a c e ,  s i n g l e - e n g i n e ,  l i g h t  
a i r p l a n e s  ( o n e  h a v i n g  a low w i n g  a n d  t h e  o t h e r ,  a h i g h  w i n g )  were 
leased f r o m  a f i x e d - b a s e  o p e r a t o r  ( F B O ) .  A c a d r e  o f  g e n e r a l  a v i -  
a t i o n  p i l o t s  w i t h  v a r i o u s  b a c k g r o u n d s  a n d  e x p e r i e n c e s  was p r o v i d e d  
by t h e  FBO t o  p e r f o r m  a s e r i e s  o f  l a n d i n g s  b o t h  o n  a l o n g  runway 
(1524 m (5000 f t ) )  a n d  a s h o r t  runway ( 7 6 2  m (2500 f t ) ) .  Approach  
a n d  l a n d i n g  d a t a  were c o l l e c t e d  f o r  a p p r o x i m a t e l y  150 l a n d i n g s  on  
each runway f o r  e a c h  a i r p l a n e  w i t h  g r o u n d - t r a c k i n g  a n d  a i r b o r n e  

da ta  s y s t e m s .  A summary o f  t h e  r e s u l t s  o f  t h i s  l a n d i n g  progPam i s  
p r e s e n t e d  t o  c h a r a c t e r i z e  t y p i c a l  p r i v a t e  p i l o t  p e r f o r m a n c e  d u r i n g  
t h e  l a n d i n g  p h a s e  of f l i g h t  i n  d a y l i g h t  VFR c o n d i t i o n s .  P r e l i m i -  
n a r y  results f o r  t h e  low-wing  a i r p l a n e  p h a s e  o f  t h i s  p r o g r a m  a re  
p r e s e n t e d  i n  r e f e r e n c e  3.  

a v a i l a b l e  on  l o a n .  A r e q u e s t  ca rd  form a n d  a d e s c r i p t i o n  o f  t h e  

f i l m  w i l l  b e  f o u n b  a t  t h e  back o f  t h i s  r e p o r t .  

A m o t i o n - p i c t u r e  f i l m  s u p p l e m e n t  h a s  b e e n  p r e p a r e d  a n d  i s  

TEST EQUIPMENT 

The  a i r p l a n e s  u s e d  i n  t h i s  s t u d y  ( f i g .  1 )  were c h o s e n  a s  b e i n g  
r e p r e s e n t a t i v e  o f  t h e  m o s t  w i d e l y  u s e d  a i r p l a n e s  i n  g e n e r a l  a v i a t i o n  
p r i v a t e  f l y i n g .  Both  a i r p l a n e s  were leased  from FBO a n d  were u s e d  
i n  h i s  f l i g h t  t r a i n i n g  a n d  r e n t a l  p r o g r a m s .  The t e s t  v e h i c l e s  were 
s i n g l e - e n g i n e ,  f o u r - p l a c e  a i r p l a n e s  w i t h  f i x e d  t r i c y c l e  l a n d i n g  g e a r .  
One of  t h e  a i r p l a n e s  had  a low w i n g  a n d  t h e  o t h e r  h a d  a h i g h  w i n g .  
The d e t a i l s  a n d  s p e c i f i c a t i o n s  f o r  each a i r p l a n e  were o b t a i n e d  from 
t h e  r e s p e c t i v e  a i r p l a n e  o w n e r ' s  m a n u a l s  a n d  a r e  p r e s e n t e d  i n  t a b l e s  I 

a n d  11. O t h e r  t h a n  w i n g  l o c a t i o n ,  t h e r e  a r e  s e v e r a l  bas i c  d i f f e r -  

e n c e s  b e t w e e n  t h e  two a i r p l a n e s :  ( 1 )  t h e  l o n g i t u d i n a l  c o n t r o l  s y s t e m  
f o r  t h e  low-wing a i r p l a n e  u s e d  a s t a b i l a t o r ,  whereas t h e  h i g h - w i n g  
a i r p l a n e  u s e d  a c o n v e n t i o n a l  f i x e d  h o r i z o n t a l  s t a b i l i z e r  a n d  e l e v a -  
t o r ;  (2) t h e  low-wing  a i r p l a n e  was e q u i p p e d  w i t h  r u d d e r  t r i m  a n d  t h e  
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h igh-wing  o n e  w a s  n o t ;  a n d  ( 3 )  t h e  low-wing a i r p l a n e  had m a n u a l l y  
o p e r a t e d  f l a p s  w i t h  f o u r  d i s c r e t e  s e t t i n g s  ( O o ,  I O o ,  25O, a n d  40°) ,  
whereas t h e  h i g h - a i r p l a n e  h a d  e l e c t r i c a l l y  o p e r a t e d  f l a p s  w i t h  

i n f i n i t e  s e t t i n g s  b e t w e e n  Oo a n d  40'. 
The a i r p l a n e s  were i n s t r u m e n t e d  t o  m e a s u r e  a n d  r eco rd  21 d i f -  

f e r e n t  f l i g h t  p a r a m e t e r s  i n c l u d i n g  a i r s p e e d ,  p i t c h  a t t i t u d e ,  f l a p  
p o s i t i o n ,  a n d  a l t i t u d e .  The i n s t r u m e n t a t i o n  s y s t e m  c o n s - i s t e d  o f  
s e n s o r s  l o c a t e d  t h r o u g h o u t  t h e  a i r p l a n e ,  a s i g n a l  c o n d i t i o n i n g  
p a c k a g e ,  a n d  a c e n t r a l  t ape  r e c o r d e r .  I n  t h e  low-wing a i r p l a n e ,  
t h e  i n s t r u m e n t a t i o n  p a c k a g e  was l o c a t e d  i n  t h e  b a g g a g e  c o m p a r t m e n t ;  
i n  t h e  h i g h - w i n g  a i r p l a n e ,  t h e  p a c k a g e  was l o c a t e d  i n  t h e  r e a r  p a s -  
s e n g e r  c o m p a r t m e n t .  The  o n l y  m o d i f i c a t i o n  t o  t h e  i n s t r u m e n t  p a n e l  
was t h e  i n s t a l l a t i o n  o f  c o n t r o l  s w i t c h e s  f o r  t h e  r e c o r d i n g  s y s t e m ;  
t h e s e  s w i t c h e s  were c e n t r a l l y  l o c a t e d  i n  t h e  p a n e l .  T h e  o n l y  o b v i -  
o u s  c h a n g e  i n  t h e  e x t e r n a l  a p p e a r a n c e  o f  t h e  a i r p l a n e s  was t h e  t e s t  
boom p r o t r u d i n g  from t h e  l e f t  w i n g  t i p .  T h i s  boom was a p p r o x i m a t e l y  
75  p e r c e n t  o f  t h e  w i n g  c h o r d  i n  l e n g t h  a n d  was i n s t a l l e d  t o  m e a s u r e  
a i r s p e e d ,  a n g l e  o f  a t t a c k ,  a n d  a n g l e  o f  s i d e s l i p .  A w e i g h t  was 
a d d e d  i n s i d e  t h e  r i g h t  w i n g  t i p  t o  c o u n t e r b a l a n c e  t h e  w e i g h t  o f  t h e  
t e s t  boom. The  c o m p l e t e  a i r b o r n e  d a t a  s y s t e m  i n c r e a s e d  t h e  b a s i c  
w e i g h t  of  t h e  t e s t  a i r p l a n e  a p p r o x i m a t e l y  8 6 . 2  k g  ( 1 9 0  l b ) .  

The f l i g h t  c h a r a c t e r i s t i c s  o f  b o t h  a i r p l a n e s  were i n v e s t i g a t e d  
by N A S A  research  p i l o t s  b e f o r e  a n d  a f t e r  t h e  m o d i f i c a t i o n s  f o r  
i n s t r u m e n t a t i o n .  T h e  q u a l i t a t i v e  r e s u l t s  o f  t h e s e  t e s t s  i n d i c a t e d  
t h a t  t h e  i n s t a l l a t i o n  of  t h e  i n s t r u m e n t  s y s t e m s  h a d  n e g l i g i b l e  
e f f e c t s  o n  t h e  h a n d l i n g  c h a r a c t e r i s t i c s  o f  b o t h  a i r p l a n e s .  A i r -  
s p e e d  c a l i b r a t i o n s  were c o n d u c t e d  t o  c o r r e l a t e  t h e  p i l o t ' s  i n d i -  
ca ted  a i r s p e e d  w i t h  t h e  r e c o r d e d  i n d i c a t e d  a i r s p e e d  a s  m e a s u r e d  
by t h e  t e s t  boom. The a i r s p e e d  c a l i b r a t i o n  c u r v e s  f o r  each a i r -  
p l a n e  a r e  p r e s e n t e d  i n  f i g u r e  2 .  The r eco rded  i n d i c a t e d  a i r s p e e d  
was c h o s e n  a s  t h e  common b a s i s  f o r  c o m p a r i s o n ;  t h e r e f o r e ,  u n l e s s  
o t h e r w i s e  s t a t e d ,  a l l  a i r s p e e d s  r e f e r r ed  t o  i n  t h i s  r e p o r t  a r e  
e x p r e s s e d  i n  terms o f  t h e  recorded i n d i c a t e d  a i r s p e e d .  I n  a d d i t i o n ,  
t h e  w i n g s - l e v e l ,  p o w e r - o f f ,  s t a l l  s p e e d  r a n g e  o f  each a i r p l a n e  was 
documen ted  f o r  v a r i o u s  f l a p  s e t t i n g s .  T h e s e  t e s t s  were c o n d u c t e d  
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i n  a c c o r d a n c e  w i t h  t h e  p r o c e d u r e s  s p e c i f i e d  i n  p a r t  23 .201  of  t h e  
F e d e r a l  A v i a t i o n  R e g u l a t i o n s  ( r e f .  4 ) .  The  s t a l l  s p e e d s  u s e d  i n  
t h e  f i g u r e s  a re  t h e  m e a s u r e d  s t a l l  s p e e d s  o f  t h e  r e s p e c t i v e  a i r -  
p l a n e s  a t  t h e  n o m i n a l  t e s t  w e i g h t ,  w h e r e a s  t h e  s t a l l  s p e e d s  i n  
t h e  t a b l e s  r e f l e c t  t h e  m a n u f a c t u r e r s '  s p e c i f i e d  v a l u e s .  

A g r o u n d - t r a c k i n g  s y s t e m  was u s e d  t o  o b t a i n  t h e  f l i g h t - p a t h  
d a t a  d u r i n g - t h e  f i n a l  s t a g e s  of  t h e  a p p r o a c h e s  a n d  t h e  touchdown 
d a t a .  T h i s  s y s t e m ,  shown i n  f i g u r e  3 ,  c o n s i s t e d  o f  a 16-mm 
m o t i o n - p i c t u r e  camera a n d  a l a r g e  p h o t o g r a p h i c  g r i d .  The g r i d  
was l o c a t e d  p a r a l l e l  t o  t h e  runway  a n d  b e t w e e n  t h e  camera a n d  
t h e  runway s o  t h a t  b o t h  t h e  a i r p l a n e  a n d  p o r t i o n s  o f  t h e  g r i d  
were p h o t o g r a p h e d  s i m u l t a n e o u s l y  d u r i n g  t h e  f i n a l  a p p r o a c h  a n d  
l a n d i n g .  The e x a c t  l o c a t i o n  of t h e  s y s t e m  was s u r v e y e d  w i t h  
r e s p e c t  t o  t h e  l a n d i n g  e n d  o f  t h e  r u n w a y .  The  g r i d  c o n s i s t e d  o f  
a s e r i e s  o f  v e r t i c a l  a n d  h o r i z o n t a l  p l a s t i c  s t r i p s  f a s t e n e d  a t  
t h e  i n t e r s e c t i o n s  t o  f o r m  s q u e r e s  w i t h  s i d e s  0 . 6  m ( 2  f t )  i n  
l e n g t h .  The t o t a l  s y s t e m  c o n s i s t e d  o f  t e n  6.7-m-long ( 2 2 - f t -  
l o n g )  s e c t i o n s  w i t h  r i g i d  a luminum p o l e s  b e t w e e n  e a c h  s e c t i o n .  
The s u p p o r t  p o l e s  were a d j u s t a b l e  t o  c o m p e n s a t e  f o r  u n e v e n  t e r r a i n  
a n d  t o  s e t  t h e  d e s i r e d  e l e v a t i o n  o f  t h e  g r i d .  The  o v e r a l l  g r i d  
s y s t e m  was 3.05 m (IO f t )  h i g h  a n d  6 7 . 0 6  m ( 2 2 0  f t )  l o n g .  

Normal  p h o t o g r a m m e t r i c  t e c h n i q u e s  were u s e d  t o  o b t a i n  t h e  
t r a j e c t o r y  d a t a  f r o m  t h e  f i l m .  All m e a s u r e m e n t s  were b a s e d  on  
t h e  p o s i t i o n s  o f  t h e  t i p  o f  t h e  a i r p l a n e  n o s e  a n d  t h e  v e r t i c a l  
t a i l  w i t h  r e s p e c t  t o  t h e  p o s i t i o n  of  t h e  p h o t o g r a p h i c  g r i d  s e e n  
i n  e a c h  p i c t u r e  frame. T h e s e  m e a s u r e m e n t s  were c o n v e r t e d  t o  t h e  
a t t i t u d e  of t h e  a i r p l a n e  a n d  t h e  l o c a t i o n  of  i t s  c e n t e r  o f  g r a v i t y  
w i t h  r e s p e c t  t o  t h e  runway t h r e s h o l d .  F o r  p h o t o g r a p h i c  a n a l y s i s  
p u r p o s e s ,  a l l  l a n d i n g s  were as sumed  t o  b e  on  t h e  c e n t e r  l i n e  o f  t h e  
runway.  E r r o r s  r e s u l t i n g  f r o m  t h i s  a s s u m p t i o n  were f o u n d  t o  be  
n e g l i g i b l e  f o r  t h e  p u r p o s e  o f  t h i s  s t u d y .  A f i e l d  s u r v e y  o f  a 

t y p i c a l  g r i d  i n s t a l l a t i o n  i n d i c a t e d  a t r a c k i n g  a c c u r a c y  w i t h i n  
k 0 . 3  m ( & I  f t ) .  

( 3 0  f t )  a b o v e  g r o u n d  l e v e l  were m e a s u r e d  a n d  r e c o r d e d  f o r  e a c h  
Wind d i r e c t i o n  a n d  v e l o c i t y  a t  3.05 m (IO f t )  a n d  a t  9 . 1 4  m 
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l a n d i n g .  A p o r t a b l e  w e a t h e r  s t a t i o n  w i t h  w i n d  d e t e c t i o n  e q u i p m e n t  
was l o c a t e d  n e a r  t h e  runway  f o r  t h i s  p u r p o s e .  ( S e e  f i g .  4 . )  

TEST SUBJECTS 

A c a d r e  o f  22  p i l o t s  s e l e c t e d  by  FBO a n d  a p p r o v e d  by  N A S A  p e r -  
f o r m e d  t h e  l a n d i n g s  i n  t h i s  p r o g r a m .  The  t e s t  s u b j e c t s '  e x p e r i e n c e  
a n d  b a c k g r o u n d  r a n g e d  f r o m  s t u d e n t  p i l o t s  w i t h  30 h o u r s  f l i g h t  t ime 
t o  a c o m m e r c i a l  p i l o t  w i t h  a b o u t  1000 h o u r s  f l i g h t  t ime.  A c o m p l e t e  
l i s t  o f  t h e  t e s t  s u b j e c t s  w i t h  e x p e r i e n c e ,  f l i g h t  t i m e ,  a n d  number 
of l a n d i n g s  p e r f o r m e d  i s  p r e s e n t e d  i n  t a b l e  111. A l l  t h e  s u b j e c t ' s  
were q u a l i f i e d  t o  o p e r a t e  t h e  t e s t  a i r p l a n e  i n  a c c o r d a n c e  w i t h  c u r -  
r e n t  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n  r u l e s  a n d  r e g u l a t i o n s .  .Ten  o f  
t h e  p i l o t s  f l e w  i n  t h e  low-wing  a i r p l a n e  p h a s e  o f  t h e  p r o g r a m  a n d  
12 f l e w  i n  t h e  h i g h - w i n g  p h a s e .  The o r i g i n a l  i n t e n t  w a s  f o r  each 

p i l o t  t o  p e r f o r m  l a n d i n g s  on  b o t h  t h e  l o n g  a n d  s h o r t  r u n w a y s  f o r  
t h e  p h a s e  o f  t h e  p r o g r a m  i n  w h i c h  h e  was i n v o l v e d ;  h o w e v e r ,  f o r  
v a r i o u s  r e a s o n s ,  t h i s  i n t e n t  w a s  n o t  c o m p l e t e l y  m e t ,  a s  c a n  b e  
n o t e d ,  f r o m  t a b l e  111. 

A I R P O R T S  A N D  RUNWAYS 

The a i r p o r t s  c h o s e n  f o r  t h i s  p r o g r a m  were s e l e c t e d  p r i m a r i l y  

b e c a u s e  t h e y  were c o n s i d e r e d  r e p r e s e n t a t i v e  o f  a i r p o r t s  u s e d  by g e n -  
e r a l  a v i a t i o n  p i l o t s ,  a n d  s e c o n d l y ,  b e c a u s e  t h e y  h a d  a c l e a r  a r ea  
a d j a c e n t  t o  t h e  l a n d i n g  runway  t o  accommoda te  t h e  g r o u n d - t r a c k i n g  
s y s t e m .  

c o n t r o l l e d  f i e l d  s e r v i n g  a m e t r o p o l i t a n  a rea .  A p h o t o g r a p h  o f  t h i s  
f i e l d  ( f i g .  5 )  s h o w s  t w o ,  h a r d - s u r f a c e  r u n w a y s  (2-20  a n d  6 - 2 4 ) .  
A l l  l a n d i n g s  were made on  runway 2-20 w h i c h  was 1524 m ( 5 0 0 0  f t )  

l o n g  and  45 .7  m ( 1 5 0  f t )  w i d e  w i t h  s i g n i f i c a n t  c l e a r  a r e a s  l e a d i n g  
t o  t h e  t h r e s h o l d s .  F i e l d  e l e v a t i o n  was 1 2 . 5  m ( 4 1  f t ) .  The a i r p o r t  
h a n d l e d  a s i g n i f i c a n t  amoun t  o f  t r a f f i c ,  b o t h  c i v i l  a n d  m i l i t a r y .  
A t  t i m e s  t h e  t r a f f i c  was h e a v y ;  t h i s  n e c e s s i t a t e d  m o d i f i c a t i o n s  o f  

The a i r p o r t  c h o s e n  f o r  t h e  l o n g - r u n w a y  l a n d i n g s  w a s  a l a r g e  
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t h e  s t a n d a r d  t r a f f i c  p a t t e r n s ,  u s u a l l y  a n  e x t e n d e d  downwind w i t h  
a l o n g  s t r a i g h t - i n  f i n a l .  

i n g  a r u r a l  a rea .  The  p h o t o g r a p h  o f  t h e  f i e l d  ( f i g .  6 )  s h o w s  a 
s i n g l e ,  h a r d - s u r f a c e  runway ( 1 8 - 3 6 ) .  A l l  l a n d i n g s  were made on  
runway 18 w h i c h  was 7 6 2  m ( 2 5 0 0  f t )  l o n g  a n d  1 5 . 2  m (50  f t )  w i d e  
w i t h  a n  e l e v a t i o n  o f  9 . 1  m ( 3 0  f t ) .  The  a p p r o a c h  t o  t h e  runway 
was o v e r  water w i t h  a t r e e  l i n e  a p p r o x i m a t e l y  402  m ( 1 / 4  m i l e )  
from t h e  t h r e s h o l d .  The area b e t w e e n  t h e  t r e e  l i n e  a n d  t h e  
t h r e s h o l d  was a n  o p e n  f i e l d  u n d e r  c u l t i v a t i o n .  The  a i r p o r t  h a d  
v e r y  l i g h t  t r a f f i c ;  c o n s e q u e n t l y ,  t h e  t e s t  s u b j e c t s  c o u l d  f l y  
t h e  p a t t e r n  w i t h o u t  i n t e r f e r e n c e .  

The s h o r t - r u n w a y  a i r p o r t  was a small  u n c o n t r o l l e d  f i e l d  s e r v -  

TEST PROCEDURES 

A l l  t h e  p i l o t s  were b r i e f e d  o n  t h e  p u r p o s e  o f  t h e  s t u d y  a n d  
t h e  o p e r a t i o n  o f  t h e  e q u i p m e n t  p r i o r  t o  p a r t i c i p a t i n g  i n  t h e  p r o -  
gram. They  were a s k e d  t o  make n o r m a l  l a n d i n g s  b a s e d  o n  t h e i r  
t r a i n i n g  a n d  e x p e r i e n c e .  They were a l s o  a s k e d  t o  t u r n  t h e  a i r b o r n e  
d a t a  s y s t e m  on  j u s t  p r i o r  t o  or j u s t  a f t e r  t u r n i n g  o n t o  t h e  f i n a l  
a p p r o a c h ;  h o w e v e r ,  t h e  o p e r a t i o n  of  t h e  a i r p l a n e  a n d  t h e  p i l o t i n g  
t e c h n i q u e s  were l e f t  c o m p l e t e l y  t o  t h e  d i s c r e t i o n  o f  t h e  i n d i v i d u a l  
p i l o t .  Each p i l o t  was s c h e d u l e d  t o  make a maximum o f  s i x  l a n d i n g s  
i n  a n y  o n e  d a y  w i t h o u t  p r i o r  p r a c t i c e  o n  t h a t  d a y .  T h i s  s i t u a t i o n  
was imposed  t o  m i n i m i z e  p r a c t i c e  e f f e c t s  a n d  t o  o b t a i n  d a t a  f o r  
e a c h  p i l o t  u n d e r  d i f f e r e n t  w i n d  c o n d i t i o n s .  I f  f o r  some r e a s o n  
t h e  p i l o t  f a i l e d  t o  t u r n  t h e  a i r b o r n e  d a t a  s y s t e m  on  d u r i n g  some 
o f  t h e  l a n d i n g s ,  t h e  maximum was e x t e n d e d  t o  c o v e r  s i x  d a t a  l a n d -  
i n g s .  I n  o r d e r  t o  h e l p  a l l e v i a t e  t r a f f i c  c o n g e s t i o n  o n  t h e  l o n g  
runway ,  t o u c h - a n d - g o  l a n d i n g s  w i t h  a s i g n i f i c a n t  g r o u n d  r o l l  were 
p e r m i t t e d .  T h e s e  l a n d i n g s  were p e r m i t t e d  on  t h e  a s s u m p t i o n  t h a t  

t h i s  p r o c e d u r e  w o u l d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  n o r m a l  l a n d i n g  
p e r f o r m a n c e s .  A l l  t h e  l a n d i n g s  o n  t h e  s h o r t  runway  were c o m p l e t e d  
t o  a f u l l  s t o p .  
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RESULTS A N D  DISCUSSION 

The  r e s u l t s  o f  t h i s  l a n d i n g  p e r f o r m a n c e  s t u d y  c o v e r  a t o t a l  
of 616 l a n d i n g s  made i n  b o t h  a i r p l a n e s  a t  b o t h  runways .  A t o t a l  
o f  299 l a n d i n g s  were made i n  t h e  low-wing  a i r p l a n e  ( 1 4 4  o n  t h e  
l o n g  runway a n d  155 on t h e  s h o r t  r u n w a y )  a n d  317 l a n d i n g s  were 
made i n  t h e  h i g h - w i n g  a i r p l a n e  (163  o n  t h e  l o n g  runway a n d  154  
on  t h e  s h o r t  r u n w a y ) .  

F l i g h t  C o n d i t i o n s  

A l l  l a n d i n g s  were made e s s e n t i a l l y  a t  sea  l e v e l  w i t h  a n  
a m b i e n t  t e m p e r a t u r e  r a n g e  from 21' C t o  32' C (70' F t o  90' F). 
The wind  c o n d i t i o n s  f o r  each l a n d i n g  a r e  p r e s e n t e d  i n  f i g u r e  7.  
The  d a t a  were r eco rded  a t  t h e  t ime o f  each l a n d i n g  r e l a t i v e  t o  
t h e  a c t i v e  runway a s  m e a s u r e d  a t  3.05 m ( 1 0  f t )  a b o v e  g r o u n d  
l e v e l .  These da t a  a r e  p r e s e n t e d  t o  show t h a t  t h e  l a n d i n g s  were 
made w i t h  a w i d e  r a n g e  of  wind  c o n d i t i o n s ,  i n c l u d i n g  v a r i a b l e  
w i n d s  t h a t  r e s u l t e d  i n  some l a n d i n g s  b e i n g  made w i t h  a t a i l - w i n d  
componen t .  T h e  s h o r t - r u n w a y  a i r p o r t  was l o c a t e d  a c o n s i d e r a b l e  
d i s t a n c e  f r o m  t h e  n o r m a l  base o f  o p e r a t i o n s ;  c o n s e q u e n t l y ,  i t  
was more d i f f i c u l t  t o  c o n d u c t  t e s t s  t h e r e  u n d e r  f a v o r a b l e  wind  
c o n d i t i o n s  t h a n  i t  was a t  t h e  l o n g  runway  w h i c h  was t h e  n o r m a l  
base o f  o p e r a t i o n s .  A s  a r e s u l t ,  more l a n d i n g s  w i t h  a t a i l - w i n d  
component  were made a t  t h e  s h o r t  runway  t h a n  a t  t h e  l o n g  runway .  
The p i l o t s  were i n f o r m e d  o f  t h e  w i n d  c o n d i t i o n s  a t  t h e  t ime ,  a n d  
tes ts  were c o n t i n u e d  o n l y  when t h e  p i l o t s  j u d g e d  t h a t  t h e  t a i l  
w i n d s  d i d  n o t  a d v e r s e l y  a f f e c t  t h e i r  l a n d i n g  p e r f o r m a n c e .  

T r a f f i c  P a t t e r n s  

A l l  t h e  p i l o t s  were f a m i l i a r  w i t h  t h e  a i r p o r t  u s e d  f o r  t h e  
long- runway  l a n d i n g s  s i n c e  i t  was t h e i r  n o r m a l  base of.  o p e r a t i o n .  
The a p p r o a c h e s  were a l l  I t l e f t - h a n d "  t r a f f i c  p a t t e r n s  a n d  e n t r y  
was n o m i n a l l y  2 4 4  m (800  f t )  a b o v e  g r o u n d  l e v e l .  G e n e r a l l y ,  t h e  

7 



p a t t e r n s  c o u l d  b e  c h a r a c t e r i z e d  as  b e i n g  s t a n d a r d  ( r e f .  5 ) .  How-  
e v e r ,  as  m e n t i o n e d  p r e v i o u s l y ,  t h e  a i r p o r t  h a n d l e d  a s i g n i f i c a n t  
amount  of t r a f f i c  w h i c h  o c c a s i o n a l l y  n e c e s s i t a t e d  m o d i f y i n g  t h e  
t r a f f i c  p a t t e r n  t o  p r o v i d e  s p a c i n g  b e t w e e n  a i r p l a n e s .  T h e s e  p a t -  
t e r n  m o d i f i c a t i o n s  o c c u r r e d  o n l y  a b o u t  10 p e r c e n t  o f  t h e  t ime. 

Most o f  t h e  p i l o t s  were u n f a m i l i a r  w i t h  t h e  a i r p o r t  u s e d  f o r  
t h e  s h o r t - r u n w a y  l a n d i n g s .  The a i r p o r t  was u n c o n t r o l l e d ,  w i t h  a n  
i n s u f f i c i e n t  vo lume  o f  t r a f f i c  t o  a f f e c t  t h e  l a n d i n g  p a t t e r n s  t o  
a n y  s i g n i f i c a n t  d e g r e e .  Most o f  t h e  p i l o t s  s t a t e d  t h a t  t h e y  b a s e d  
t h e i r  l a n d i n g  p a t t e r n  g e o m e t r y  o n  e x p e r i e n c e  i n  j u d g i n g  d i s t a n c e  
f rom t h e  runway w i t h o u t  s p e c i f i c  r e f e r e n c e  t o  g r o u n d  f e a t u r e s .  The 
t r a f f i c  p a t t e r n s  were a l l  l e f t  h a n d  a n d  e n t e r e d  a t  t h e  s t a n d a r d  
244-m ( 8 0 0 - f t )  a l t i t u d e .  I t  was n o t e d  t h a t  t h e  t r e e  l i n e  a p p r o x i -  
m a t e l y  402  m ( 1 / 4  m i l e )  f rom t h e  t h r e s h o l d  u s u a l l y  p r o v i d e d  e n o u g h  
t u r b u l e n c e  t o  s l i g h t l y  u p s e t  t h e  a i r p l a n e s  o n  f i n a l  a p p r o a c h .  How- 
e v e r ,  some of  t h e  a p p r o a c h e s  were made i n s i d e  t h e  t r e e  l i n e  a n d  
were n o t  s u b j e c t e d  t o  t h e  u p s e t .  

T r a j e c t o r i e s  

P r o f i l e s  o f  t h e  a p p r o a c h  t r a j e c t o r i e s  m e a s u r e d  w i t h  t h e  
g r o u n d - t r a c k i n g  s y s t e m  f o r  a l l  l a n d i n g s  o f  b o t h  a i r p l a n e s  a t  b o t h  
runways  a r e  p r e s e n t e d  i n  f i g u r e  8. T h e s e  p r o f i l e s  were o b t a i n e d  
f rom t h e  a i r p l a n e  p o s i t i o n  d a t a  t a k e n  i n  i n c r e m e n t s  o f  a b o u t  6 7  m 
(220  f t )  a l o n g  t h e  g r o u n d  t r a c k  o f  t h e  f i n a l  a p p r o a c h  a n d  t o u c h -  
down. The  l o n g - r u n w a y  d a t a  were i n i t i a t e d  a p p r o x i m a t e l y  3 0 5  m 
(1000  f t )  b e f o r e  t h e  runway t h r e s h o l d  f o r  b o t h  a i r p l a n e s .  The 
s h o r t - r u n w a y  d a t a  f o r  t h e  low-wing  a i r p l a n e  were l i m i t e d  t o  a b o u t  
61 m ( 2 0 0  f t )  b e f o r e  t h e  t h r e s h o l d  b e c a u s e  o f  a l i m i t e d  f i e l d  o f  
v i e w  c r e a t e d  by a g r o u p  o f  t r e e s .  However ,  f o r  t h e  s h o r t - r u n w a y  
l a n d i n g s  w i t h  t h e  h i g h - w i n g  a i r p l a n e ,  t h e  g r o u n d - t r a c k i n g  s y s t e m  

was r e l o c a t e d ;  t h e r e b y ,  a f i e l d  o f  v i e w  o u t  t o  a p p r o x i m a t e l y  1 9 8  m 
( 6 5 0  f t )  b e f o r e  t h e  t h r e s h o l d  was p r o v i d e d .  Shown i n  f i g u r e  8 a r e  
t h e  m e d i a n  a n d  t h e  5- t o  9 5 - p e r c e n t i l e  s p r e a d  o f  t h e  d a t a  f o r  t h e  
h e i g h t  o f  t h e  a i r p l a n e  a t  t h e  t h r e s h o l d  a n d  f o r  t h e  touchdown 
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d i s t a n c e  of t h e  a i r p l a n e  f rom t h e  t h r e s h o l d .  Also i n c l u d e d  i n  t h e  
f i g u r e  a re  3' a n d  6O s l o p e s  p a s s i n g  t h r o u g h  t h e  m e d i a n . h e i g h t  a t  
t h e  t h r e s h o l d ;  t h e s e  s l o p e s  a r e  i n c l u d e d  t o  show t h e  n o r m a l  r a n g e  
o f  g l i d e - p a t h  a n g l e s ,  a s  s u g g e s t e d  i n  r e f e r e n c e  6 .  

G e n e r a l l y ,  t h e  p r o f i l e s  show c o n s i d e r a b l e  v a r i a t i o n  f rom 
s t r a i g h t  o r  u n i f o r m l y  c u r v e d  t r a j e c t o r i e s  d e n o t i n g  c o n s i d e r a b l e  
j o c k e y i n g  on t h e  p a r t  o f  most p i l o t s  d u r i n g  t h e  f i n a l  a p p r o a c h e s .  
However ,  c e r t a i n  i n d i v i d u a l  p i l o t s  d i d  h a v e  u n i f o r m l y  c u r v e d  t r a -  
j ec to r i e s  t h a t  were r e l a t i v e l y  c o n s i s t e n t .  The  a v e r a g e  f l i g h t -  
p a t h  a n g l e s  u s e d  by  t h e  p i l o t s  i n  t h i s  s t u d y  were 4 . 7 O  o n  t h e  l o n g  
runway a n d  5 . 9 O  on t h e  s h o r t  runway f o r  t h e  low-wing  a i r p l a n e ,  a n d  
5.1' o n  t h e  l o n g  runway  a n d  6 .1°  o n  t h e  s h o r t  runway  f o r  t h e  h i g h -  
w i n g  a i r p l a n e .  The  i n d i v i d u a l  f l i g h t  p a t h s ,  h o w e v e r ,  c o v e r e d  a 
w i d e  r a n g e  o f  v a l u e s  f rom a s  l o w  as  1' t o  a s  h i g h  as 1 4 O  d u r i n g  
p o r t i o n s  of  t h e  a p p r o a c h e s .  The a v e r a g e  f l i g h t - p a t h  a n g l e s  were 
a b o u t  l o  s t e e p e r  a t  t h e  s h o r t  runway t h a n  t h o s e  a t  t h e  l o n g  r u n -  
way. T h i s  i s  p r o b a b l y  a d i r e c t  r e s u l t  o f  t h e  i n c r e a s e d  f l a p  
d e f l e c t i o n  a t  t h e  s h o r t  runway .  

The med ian  h e i g h t  a t  t h e  t h r e s h o l d  was l o w e r  f o r  t h e  low-wing  
a i r p l a n e  t h a n  f o r  t h e  h i g h - w i n g  a i r p l a n e  o n  b o t h  r u n w a y s .  Wi th  
r e spec t  t o  t h e  r u n w a y s ,  b o t h  a i r p l a n e s  were b r o u g h t  i n  l o w e r  over+ 
t h e  t h r e s h o l d  a t  t h e  s h o r t  runway  t h a n  a t  t h e  l o n g  runway .  

The med ian  touchdown p o s i t i o n  was c l o s e r  t o  t h e  t h r e s h o l d  f o r  
t h e  low-wing a i r p l a n e  t h a n  f o r  t h e  h i g h - w i n g  a i r p l a n e  on  b o t h  r u n -  
ways.  T h e s e  touchdown d i s t a n c e s  f r o m  t h e  t h r e s h o l d  were i n  d i r e c t  
r e l a t i o n  t o  t h e  m e d i a n  h e i g h t s  o f  t h e  r e s p e c t i v e  a i r p l a n e s  a t . t h e  
t h r e s h o l d .  The s h o r t - r u n w a y  l a n d i n g s  were made c l o s e r  t o  t h e  
t h r e s h o l d  t h a n  t h e  l o n g - r u n w a y  l a n d i n g s .  The m e d i a n  touchdown 
d i s t a n c e s  f o r  b o t h  a i r p l a n e s  on  b o t h  runways  were w i t h i n  t h e  f i r s t  

t h i r d  o f  t h e  r u n w a y ,  b u t  w e l l  beyond  t h e  runway  d e s i g n a t i o n  numbers  
j u s t  p a s t  t h e  t h r e s h o l d ,  as i s  recommended i n  r e f e r e n c e  5. These  

touchdown d i s t a n c e s  f rom t h e  t h r e s h o l d  were l e s s  t h a n  13 p e r c e n t  of 
t h e  runway l e n g t h  on t h e  l o n g  runway a n d  l e s s  t h a n  16 p e r c e n t  on  
t h e  s h o r t  runway f o r  b o t h  a i r p l a n e s .  
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F i n a l  Approach A i r s p e e d  

The a v e r a g e  f i n a l  app roach  a i r speeds  a n d  t h e  a v e r a g e  f l a p  

d e f l e c t i o n s  m e a s u r e d  a t  5-sec i n t e r v a l s  f o r  t h e  6 0 - s e c  p e r i o d  
p r i o r  t o  t o u c h d o w n ,  w h i c h  i n c l u d e s  f l a r e  a n d  t o u c h d o w n ,  a r e  p r e -  
s e n t e d  i n  f i g u r e  9 .  Also  i n c l u d e d  i n  t h e  f i g u r e s  a re  r e f e r e n c e  
a p p r o a c h  s p e e d s ,  wh ich  a r e  i n t e r p o l a t e d  v a l u e s  o f  t h e  manufac -  
t u r e r s '  recommended a p p r o a c h  s p e e d s  u s i n g  t h e  a v e r a g e  f l a p  d e p l o y -  
ment  a t  each t ime p e r i o d ,  a n d  t h e  m e a s u r e d  s t a l l  s p e e d s  o f  t h e  

r e s p e c t i v e  a i r p l a n e s  a t  t h e  n o m i n a l  t e s t  w e i g h t .  These r e f e r e n c e  
s p e e d s  were c a l c u l a t e d  as a means  o f  i n t e r p r e t i n g  t h e  a p p r o a c h  
s p e e d  r e c o m m e n d a t i o n  a n d  b e c a u s e  t h e  m a n u f a c t u r e r s '  p u b l i s h e d  v a l -  
u e s  were n o t  d i r e c t l y  a p p l i c a b l e  t o  t h e  a c t u a l  f l i g h t  c o n d i t i o n s .  
The mean f i n a l  a p p r o a c h  a i r speed  a n d  t h e  s t a n d a r d  d e v i a t i o n  a r e  
p r e s e n t e d  i n  t a b l e  I V .  

The da t a  show t h a t ,  f o r  t h e  most p a r t ,  t h e  p i l o t s  f lew t h e  

f i n a l  a p p r o a c h e s  w i t h  a n  a v e r a g e  s p e e d  c o n s i d e r a b l y  f a s t e r  t h a n  t h e  
r e f e r e n c e  s p e e d s .  The e x c e p t i o n  t o  t h i s  i s  f o r  t h e  low-wing a i r -  
p l a n e  on  t h e  s h o r t  runway  d u r i n g  t h e  f i n a l  40 s e c  p r i o r  t o  t o u c h -  
down. R e f e r e n c e  7 ,  a n  F A A  f l i g h t  tes t  g u i d e  f o r  a p r i v a t e  p i l o t  
a p p l i c a n t ,  s p e c i f i e s  t h a t  t h e  f i n a l  a p p r o a c h  s p e e d  s h o u l d  b e  " e q u a l  
t o  1 . 3  times t h e  s t a l l i n g  s p e e d  i n  l a n d i n g  c o n f i g u r a t i o n  (1.3Vso) 
o r  t h e  f i n a l  a p p r o a c h  s p e e d  p r e s c r i b e d  by t h e  m a n u f a c t u r e r . "  The 
accep tab le  l e v e l  o f  p e r f o r m a n c e  i s  e x p e c t e d  t o  be w i t h i n  + 5  k n o t s  
o f  t h e  p r o p e r  f i n a l  a p p r o a c h  s p e e d .  I f  t h e  m a n u f a c t u r e r s '  recom- 
mended a p p r o a c h  s p e e d s  were s e l e c t e d ,  t h e  r e f e r e n c e  a p p r o a c h  s p e e d s  
p r e s e n t e d  i n  t h e  f i g u r e  show t h e  a p p r o p r . i a t e  f i n a l  a p p r o a c h  s p e e d s  
t o  be u s e d  by t h e  p i l o t s .  The s o l i d  s y m b o l s  i n  f i g u r e  9 i n d i c a t e  
t h e  t ime p e r i o d s  a t  w h i c h  t h e  a v e r a g e  s p e e d s  e x c e e d e d  t h e  t o l e r a n c e  
band based  on t h e  r e f e r e n c e  v a l u e s .  These  s y m b o l s  i n d i c a t e  t h a t ,  
i n  g e n e r a l ,  t h e  a v e r a g e  a p p r o a c h  s p e e d s  u s e d  by t h e  p i l o t s  i n  t h i s  

s t u d y  were f a s t e r  t h a n  t h e  k5 -kno t  t o l e r a n c e  u n t i l  w i t h i n  15 sec  
o r  l e s s  o f  touchdown.  The e x c e p t i o n  t o  t h i s  r e s u l t  i s  f o r  t h e  
low-wing a i r p l a n e  on  t h e  s h o r t  runway i n  which  case t h e  a v e r a g e  
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s p e e d  f e l l  w i t h i n  t h i s  t o l e r a n c e  a p p r o x i m a t e l y  45 sec p r i o r  t o  
touchdown.  

The data  a l s o  show t h a t  t h e  p i l o t s  g e n e r a l l y  f l e w  t h e  f i n a l  
a p p r o a c h e s  w i t h  a c o n t i n u i n g  r e d u c t i o n  i n  a i r s p e e d  r a t h e r  t h a n  
h o l d i n g  a c o n s t a n t  s p e e d  as  i s  recommended i n  r e f e r e n c e  5. H o w -  
e v e r ,  r e f e r e n c e  8 recommends  a " g r a d u a l  r e d u c t i o n  i n  power  s e t t i n g  
and  a i r s p e e d  d u r i n g  t h e  f i n a l  a p p r o a c h  i n  p r e p a r a t i o n  f o r  t h e  
r o u n d - o u t  o r  f l a r e  f o r  l a n d i n g . "  

A n o t h e r  p o i n t  o f  i n t e r e s t  shown by t h e  d a t a  i s  t h a t  t h e  f i n a l  
a p p r o a c h  s p e e d s  o n  t h e  s h o r t  runway  were s l o w e r  t h a n  t h o s e  o n  t h e  

l o n g  runway f o r  b o t h  a i r p l a n e s .  T h i s  co r re l a t e s  d i r e c t l y  w i t h  t h e  
l a r g e r  a v e r a g e  f l a p  d e f l e c t i o n  u s e d  a t  t h e  s h o r t  runway.  The 
r e d u c t i o n  i n  a v e r a g e  a p p r o a c h  s p e e d  ( 6  t o  12 k n o t s ) ,  h o w e v e r ,  was 
much g r e a t e r  t h a n  t h e  d i f f e r e n c e  i n  t h e  r e f e r e n c e  a p p r o a c h  s p e e d s  
( 1  t o  2 k n o t s ) .  T h i s  d i f f e r e n c e  t e n d s  t o  i n d i c a t e  t h a t  t h e  p i l o t s  
were more  c o n c e r n e d  a b o u t  t h e  l e n g t h  o f  t h e  runway  a n d  were p a y i n g  
much c l o s e r  a t t e n t i o n  t o  t h e  a i r s p e e d  d u r i n g  t h e  a p p r o a c h  t o  t h e  

s h o r t  runway t o  a s s u r e  l a n d i n g s  w i t h  c o m f o r t a b l e  m a r g i n s  b e t w e e n  
t h e  s t o p p i n g  p o i n t  a n d  t h e  e n d  o f  t h e  runway .  

Touchdown A i r s p e e d  

The c u m u l a t i v e  d i s t r i b u t i o n s  o f  a i r s p e e d  a t  touchdown a r e  p r e -  
s e n t e d  i n  f i g u r e  1 0 .  I n c l u d e d  i n  t h e  f i g u r e  a r e  t h e  m e a s u r e d  s t a l l  
s p e e d s  o f  t h e  r e s p e c t i v e  a i r p l a n e s  a t  t h e  n o m i n a l  t e s t  w e i g h t  a n d  
t h e  r e f e r e n c e  a p p r o a c h  s p e e d s  b a s e d  on  t h e  f l a p  s e t t i n g s  f o r  t h e  
l a s t  10 sec o f  t h e  a p p r o a c h e s .  

R e f e r e n c e  8 s t a t e s  t h a t  t h e  touchdown s p e e d  s h o u l d  b e  a t  
a p p r o x i m a t e l y  s t a l l i n g  s p e e d .  The d a t a  g e n e r a l l y  show,  h o w e v e r ,  
t h a t  t h e  p i l o t s  l a n d e d  t h e  a i r p l a n e s  w i t h  s p e e d s  c o n s i d e r a b l y  i n  
e x c e s s  o f  t h e  s t a l l  a i r s p e e d ;  t h i s  i s  m o s t  p r o b a b l y  a d i r e c t  
r e s u l t  o f  t h e  e x c e s s i v e  a i r s p e e d  u s e d  d u r i n g  t h e  f i n a l  a p p r o a c h .  
The med ian  touchdown s p e e d s  r a n g e d  from 13 p e r c e n t  t o  48 p e r c e n t  
a b o v e  t h e  m e a s u r e d  f l a p s - u p  s t a l l  s p e e d  o f  t h e  r e s p e c t i v e  a i r p l a n e s ,  
and  l e s s  t h a n  6 p e r c e n t  o f  t h e  l a n d i n g s  f o r  b o t h  a i r p l a n e s  a t  b o t h  
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runways  were w i t h i n  t h e  s t a l l  s p e e d  r a n g e s  of  t h e  a i r p l a n e .  
E x c e p t  f o r  t h e  low-wing  a i r p l a n e  a t  t h e  s h o r t  r u n w a y ,  a r a the r  
h i g h  p e r c e n t a g e  o f  t h e  l a n d i n g s  were made a t  s p e e d s  i n  e x c e s s  
o f  t h e  r e f e r e n c e  a p p r o a c h  s p e e d s .  

runway  were s i g n i f i c a n t l y  l e s s  t h a n  t h o s e  a t  t h e  l o n g  r u n w a y  f o r  
b o t h  a i r p l a n e s .  The d i f f e r e n c e  i n  touchdown s p e e d s  b e t w e e n  r u n -  
ways  was a p p r o x i m a t e l y  t h e  same a s  t h e  d i f f e r e n c e  i n  t h e  f i n a l  
a p p r o a c h  s p e e d s  o f  t h e  r e s p e c t i v e  a i r p l a n e s .  A g a i n ,  t h i s  c o u l d  
b e  i n d i c a t i v e  o f  t h e  p i l o t s '  g e n e r a l  c o n c e r n  f o r  t h e  runway  l e n g t h ,  
a l t h o u g h  i t  i s  e v i d e n t  f r o m  t h e  s p e c i f i e d  l a n d i n g  d i s t a n c e s  g i v e n  
i n  t a b l e s  I a n d  I1 t h a t  t h e  a v a i l a b l e  runway  was more t h a n  a d e q u a t e .  
The d e s i g n a t e d  s h o r t  runway u s e d  i n  t h i s  s t u d y  was n o t ,  i n  f a c t ,  a 
" s h o r t  runway"  r e q u i r i n g  maximum p e r f o r m a n c e  f r o m  e i t h e r  a i r p l a n e  
o r  p i l o t  t o  a c h i e v e  a n o r m a l  l a n d i n g  i n  t h e  a v a i l a b l e  d i s t a n c e .  

The d a t a  a l s o  show t h a t  t h e  touchdown s p e e d s  a t  t h e  s h o r t  

Touchdown P i t c h  A t t i t u d e  

The c u m u l a t i v e  d i s t r i b u t i o n s  o f  p i t c h  a t t i t u d e  at: t ouchdown 
a r e  p r e s e n t e d  i n  f i g u r e  1 1 .  A l so  i n c l u d e d  i n  t h e  f i g u r e  i s  a l i n e  
which i n d i c a t e s  t h e  i n - f l i g h t  t h r e e - p o i n t  t ouchdown a t t i t u d e  of  
t h e  r e s p e c t i v e  a i r p l a n e s  a n d  w h i c h  s e p a r a t e s  t h e  r e g i o n s  o f  n o s e -  
wheel  a n d  ma in -whee l  l a n d i n g  a t t i t u d e s .  I n  g e n e r a l ,  t h e  touchdown 
p i t c h  a t t i t u d e s  show l i t t l e  t o  no d i f f e r e n c e  w i t h  r e s p e c t  t o  r u n -  
w a y s ,  p a r t i c u l a r l y  f o r  t h e  h i g h - w i n g  a i r p l a n e .  N o r m a l l y ,  o n e  m i g h t  
e x p e c t  t h e  p i t c h  a t t i t u d e s  a t  t h e  s h o r t  runway  t o  b e  more  n o s e - h i g h  
t h a n  a t  t h e  l o n g  runway s i n c e  t h e  touchdown s p e e d s  were s l o w e r .  
However ,  t h e  f l a p  d e f l e c t i o n  was g r e a t e r  f o r  t h e  s h o r t  runway  t h a n  
f o r  t h e  l o n g  runway w h i c h  wou ld  s h i f t  t h e  p i t c h  a t t i t u d e  a n d  a i r -  
s p e e d  r e l a t i o n s h i p  t o  a s l o w e r  a i r s p e e d  f o r  t h e  same p i t c h  a t t i t u d e .  

The d a t a  g e n e r a l l y  show t h a t  t h e  p i t c h  a t t i t u d e s  a t  touchdown 

were r e l a t i v e l y  f l a t  f o r  b o t h  a i r p l a n e s  a t  b o t h  r u n w a y s .  The  m e d i a n  
touchdown a t t i t u d e  r a n g e d  f r o m  o n l y  1 . 4 O  t o  2 . 6 O  a b o v e  t h e  t h r e e -  
p o i n t  a t t i t u d e  ( p i t c h - u p ) .  A s i g n i f i c a n t  p e r c e n t a g e  o f  t h e  l a n d i n g s  
was made i n  which  t h e  n o s e  wheel  c o n t a c t e d  t h e  runway before  t h e  

12 



main w h e e l s .  A p p r o x i m a t e l y  12  p e r c e n t  o f  t h e  l a n d i n g s  were n o s e  
w h e e l  f i r s t ,  e x c e p t  f o r  t h e  low-wing a i r p l a n e  a t  t h e  s h o r t  runway 
w h e r e  t h e  p e r c e n t a g e  was 22  p e r c e n t .  

Nose-wheel  l a n d i n g s  a r e  a lmos t  i n v a r i a b l y  a d i r e c t  r e s u l t  of 
a l l o w i n g  a n  a i r p l a n e  t o  t o u c h  down w i t h  a n  e x c e s s i v e l y  h i g h  a i r -  
s p e e d .  T h i s  s i t u a t i o n  c a n . p r o d u c e  u n s t a b l e  a i r p l a n e  m o t i o n s ,  
re fe r red  t o  as p o r p o i s i n g  o r  w h e e l - b a r r o w i n g ,  w h i c h  c a n  l ead  t o  
s t r u c t u r a l  damage o f  t h e  n o s e  g e a r .  D u r i n g  t h i s  s t u d y ,  p o r p o i s i n g  
was n o t e d  d u r i n g  some of t h e  l a n d i n g s ,  b u t  f o r t u n a t e l y  t h e  p i l o t s  
were a b l e  t o  c o p e  w i t h  t h e  s i t u a t i o n  a n d  p r e v e n t  a n y  c a t a s t r o p h i c  
r e s u l t s .  

R e f e r e n c e s  7 a n d  8 s t a t e  t h a t  i n  n o s e - w h e e l  t y p e  a i r p l a n e s ,  
t h e  touchdown s h o u l d  b e  made on  t h e  m a i n  w h e e l s  w i t h  l i t t l e  t o  n o  
w e i g h t  on  t h e  n o s e  w h e e l .  R e f e r e n c e  8 a l s o  s t a t e s  t h a t  t h e  t o u c h -  
down s p e e d  s h o u l d  b e  a t  a p p r o x i m a t e l y  s t a l l i n g  s p e e d .  F o r  t h e  a i r -  
p l a n e s  u s e d  i n  t h i s  s t u d y ,  t h e  p i t c h  a t t i t u d e  f o r  touchdown a t  
a p p r o x i m a t e l y  s t a l l i n g  s p e e d  would  b e  s u f f i c i e n t l y  h i g h  t h a t  t h e  
n o s e  wheel  would  be  w e l l  c l e a r  o f  t h e  runway .  If t h e  p i l o t s  i n  
t h i s  s t u d y  were l a n d i n g  t h e  a i r p l a n e s  i n  a p i t c h  a t t i t u d e  w h i c h  
would  p e r m i t  some w e i g h t  o n  t h e  n o s e  w h e e l ,  a s  s t a t e d  a b o v e ,  i t  i s  
a p p a r e n t  t h a t  t h e  touchdown s p e e d s  would  b e  c o n s i d e r a b l y  h i g h e r  
t h a n  t h e  s t a l l i n g  s p e e d .  

A n a l y s i s  o f  I n d i v i d u a l  A p p r o a c h e s  a n d  L a n d i n g s  

T w o  i n d i v i d u a l  a p p r o a c h e s  a n d  l a n d i n g s  were s e l e c t e d  t o  
e x e m p l i f y  some d e s i r a b l e  a n d  u n d e s i r a b l e  p i l o t i n g  p r a c t i c e s .  
These  a p p r o a c h e s  a n d  l a n d i n g s  were made by two d i f f e r e n t  p i l o t s  o n  
t h e  l o n g  runway w i t h  t h e  h i g h - w i n g  a i r p l a n e .  The f i n a l  a p p r o a c h  
t r a j e c t o r i e s  a r e  p r e s e n t e d  i n  f i g u r e  1 2 .  I n c l u d e d  i n  t h e  f i g u r e  
a r e  t h e  mean a n d  t h e  5- t o  9 5 - p e r c e n t i l e  s p r e a d  o f  t h e  d a t a  f o r  
t h e  a l t i t u d e  o r  h o r i z o n t a l  p o s i t i o n  o f  t h e  a i r p l a n e  a t  e n t r y  i n t o  
t h e  g r o u n d - t r a c k i n g  g r i d  a n d  t h e  a l t i t u d e  of  t h e  a i r p l a n e  a t  t h e  
t h r e s h o l d  f o r  a l l  t h e  l a n d i n g s  p e r f o r m e d  by  e a c h  p i l o t .  A mean 
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a p p r o a c h  is  p r e s e n t e d  by a l i n e  d r a w n  b e t w e e n  t h e  two r e s p e c t i v e  
mean d a t a  p o i n t s  f o r  e a c h  p i l o t .  T h i s  i n f o r m a t i o n  i s  i n c l u d e d  t o  
g i v e  a p e r s p e c t i v e  o f  t h e  i n d i v i d u a l  a p p r o a c h e s  w i t h  r e s p e c t  t o  
t h a t  p i l o t ' s  gene ra l  p e r f o r m a n c e .  The  f i n a l  a p p r o a c h  a i r s p e e d  
a n d  f l a p  p o s i t i o n  f o r  e a c h  of  t h e  s e l e c t e d  l a n d i n g s  a r e  p r e s e n t e d  
i n  f i g u r e  13. I n c l u d e d  i n  t h e  f i g u r e  a r e  t h e  r e f e r e n c e  a p p r o a c h  
s p e e d s  a n d  t h e  m e a s u r e d  s t a l l  s p e e d  r a n g e  of t h e  a i r p l a n e .  

ADDroach A . -  A p p r o a c h  A ( f i g .  1 2 )  h a d  a f l i g h t  p a t h  t h a t  was 
e s s e n t i a l l y  t h e  same as  t h e  mean a p p r o a c h  f o r  t h a t  p i l o t .  The 
a p p r o a c h  was a s t r a i g h t ,  u n i f o r m  g l i d e  w i t h  a f l i g h t - p a t h  a n g l e  o f  
a p p r o x i m a t e l y  3 . 5 O .  The p i l o t  began-  t h e  f l a r e  n e a r  t h e  t h r e s h o l d  
a t  a n  a l t i t u d e  o f  a p p r o x i m a t e l y  2 . 1  m ( 7  f t )  a n d  t o u c h e d  down a b o u t  
5 0 . 3  m ( 1 6 5  f t )  f rom t h e  t h r e s h o l d .  A t  t o u c h d o w n ,  t h e  a i r s p e e d  was 
a p p r o x i m a t e l y  10 k n o t s  a b o v e  t h e  s t a l l  s p e e d ,  a n d  t h e  p i t c h  a t t i t u d e ,  
n o t  shown,  was 5.9' a b o v e  t h e  t h r e e - p o i n t  a t t i t u d e .  The wind  d u r i n g  
t h i s  a p p r o a c h  a n d  l a n d i n g  was a p p r o x i m a t e l y  a 30' l e f t  c r o s s  w i n d  of  
7 k n o t s .  

T h i s  a p p r o a c h  a n d  l a n d i n g  show a w e l l - p l a n n e d  a n d  w e l l -  
e x e c u t e d  a p p r o a c h .  The f i n a l  a p p r o a c h  s p e e d  ( f i g .  131 ,  a l t h o u g h  
h i g h e r  t h a n  t h e  r e f e r e n c e  a p p r o a c h  s p e e d ,  was s m o o t h  a n d  r e l a t i v e l y  
c o n s t a n t  b e t w e e n  t h e  t r a n s i t i o n s  a s s o c i a t e d  w i t h  f l a p  d e f l e c t i o n  
a n d  f l a r e .  The  a p p r o a c h  l e a d i n g  t o  t h e  f l a r e  was a s t a b i l i z e d ,  
s t e a d y  f l i g h t  p a t h  d u r i n g  w h i c h  t h e  p i l o t  was r e d u c i n g  h i s  a i r s p e e d  
i n  p r e p a r a t i o n  f o r  t h e  f l a r e  a n d  l a n d i n g .  T h e r e  were n o  n e c e s s a r y  
l a s t - m i n u t e  c o r r e c t i o n s  t o  d i s t r a c t  t h e  p i l o t  f r o m  t h e  b u s i n e s s  o f  
f l a r i n g  a n d  l a n d i n g  t h e  a i r p l a n e .  The  t o u c h d o w n  was made w i t h  a 
p i t c h  a t t i t u d e  w e l l  a b o v e  t h e  t h r e e - p o i n t  a t t i t u d e  a t  a r e l a t i v e l y  
s l o w  a i r s p e e d .  I n  g e n e r a l ,  t h i s  a p p r o a c h  a n d  l a n d i n g  was c o n s i d e r e d  
t o  be  good .  

a p p r o x i m a t e l y  T o ,  w h i c h  was a b o u t  1' s t e e p e r  t h a n  t h e  mean s l o p e  f o r  
t h a t  p i l o t .  The  a p p r o a c h  was c o n s i d e r a b l y  h i g h e r  t h a n  t h e  mean 
a p p r o a c h  w i t h  a n  a l t i t u d e  of  2 0 . 4  m ( 6 7  f t )  a t  t h e  t h r e s h o l d .  The 
p i l o t  a l t e r e d  h i s  f l i g h t  p a t h  s e v e r a l  t imes  d u r i n g  t h e  a p p r o a c h .  

ADDroach B . -  A p p r o a c h  B ( f i g .  1 2 )  h a d  a f l i g h t - p a t h  a n g l e  of  
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Touchdown o c c u r r e d  a p p r o x i m a t e l y  300.2 m ( 9 8 5  f t )  f rom t h e  t h r e s h -  

o l d  i n  a f l a t  p i t c h  a t t i t u d e ,  a b o u t  0.5O a b o v e  t h e  t h r e e - p o i n t  
a t t i t u d e ,  w i t h  a h i g h  s i n k  r a t e  f o l l o w e d  by t h r e e  b o u n c e s  t h a t  bo r -  
de red  o n  p o r p o i s i n g .  The f i r s t  b o u n c e  i s  shown i n  t h e  t r a j e c t o r y  
t race j u s t  b e f o r e  t h e  a i r p l a n e  l e f t  t h e  g r o u n d - t r a c k i n g  g r i d .  The 
f i n a l  a p p r o a c h  s p e e d  ( f i g .  1 3 )  was w e l l  a b o v e  t h e  r e f e r e n c e  s p e e d  
a n d  v a r i e d  t h r o u g h  s e v e r a l  o s c i l l a t i o n s .  The touchdown s p e e d  was 
c o n s i d e r a b l y  a b o v e  t h e  s t a l l  s p e e d  o f  t h e  a i r p l a n e  a n d  o n l y  4 k n o t s  
s lower t h a n  t h e  r e f e r e n c e  a p p r o a c h  s p e e d .  The w i n d  d u r i n g  t h i s  

a p p r o a c h  a n d  l a n d i n g  w a s  a p p r o x i m a t e l y  a n  80° l e f t  c r o s s  wind  o f  
7 k n o t s .  

T h i s  a p p r o a c h  shows s e v e r a l  d i s c r e p a n c i e s  r e s u l t i n g  from 
a p p a r e n t  poor  p l a n n i n g  a n d  p o o r  e x e c u t i o n .  The a p p r o a c h  was h i g h  
a n d  s t e e p  w i t h  a n  e x c e s s i v e l y  h i g h  a i r s p e e d .  The p i l o t  d i d  n o t  
a p p e a r  t o  h a v e  . t h e  a i r s p e e d  u n d e r  c o n t r o l .  The i n c r e a s e  i n  f l a p  
d e f l e c t i o n  a b o u t  40 s e c  b e f o r e  touchdown i n i t i a t e d  a t r a n s i e n t  
c o n d i t i o n  t h a t  a p p e a r e d  t o  l e a v e  t h e  p i l o t  " b e h i n d  t h e  a i r p l a n e . "  
The h i g h  s i n k  r a t e  a s soc ia t ed  w i t h  t h e  f a s t ,  s t e e p  a p p r o a c h  
a p p a r e n t l y  l e f t  t h e  p i l o t  u n d e c i d e d  as  t o  when t o  f l a r e  t h e  a i r -  
p l a n e .  The  r a t e  o f  d e s c e n t  was n o t  s u c c e s s f u l l y  a r r e s t e d  p r i o r  
t o  touchdown a n d  t h e  a i r speed  a t  touchdown was s o  f a s t  t h a t  t h e  
n o s e  w h e e l  a lmos t  c o n t a c t e d  t h e  runway f i r s t .  T h i s  s e r i e s  of  
e v e n t s  c a u s e d  t h e  a i r p l a n e  t o  b o u n c e  down t h e  r u n w a y .  A l t h o u g h  
t h i s  a p p r o a c h  a n d  l a n d i n g  c u l m i n a t e d  w i t h o u t  damage t o  t h e  a i r -  
p l a n e ,  t h e r e  was c e r t a i n l y  much room f o r  i m p r o v e m e n t  i n  t h e  

p i l o t ' s  l a n d i n g  p e r f o r m a n c e .  

Q u a l i t a t i v e  E v a l u a t i o n  o f  L a n d i n g s  

The q u a n t i t a t i v e  da ta  o b t a i n e d  from t h e  g r o u n d - t r a c k i n g  a n d  
f l i g h t - i n s t r u m e n t a t i o n  s y s t e m s  h a v e  p r o v i d e d  c o n s i d e r a b l e  d e t a i l  
a b o u t  t h e  approaches  a n d  l a n d i n g s  made by  t h e  p i l o t s  d u r i n g  t h i s  
s t u d y .  However ,  some q u a l i t a t i v e  e v a l u a t i o n s  were d e s i r e d  t o  
p r o v i d e  b e t t e r  i n s i g h t  as  t o  t h e  g e n e r a l  q u a l i t y  o f  t h e  l a n d i n g s .  
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For t hese  e v a l u a t i o n s ,  t h e  g r o u n d - t r a c k i n g  m o t i o n  p i c t u r e s  were 
r e v i e w e d  by a n  N A S A  research p i l o t  who h o l d s  a c e r t i f i e d  f l i g h t  

i n s t r u c t o r ' s  r a t i n g  a n d  by o n e  o f  t h e  p r o j e c t  e n g i n e e r s  who i s  a 
former m i l i t a r y  a v i a t o r .  I n  p r e p a r i n g  t h e i r  e v a l u a t i o n s ,  t h e  
r e v i e w e r s  s c r e e n e d  many l a n d i n g s  a n d  d o c u m e n t e d  d i s c r e p a n c i e s  t o  
l o o k  f o r  d u r i n g  t h e  e v a l u a t i o n s .  A l i s t  o f  t h e  p r i m a r y  d i s c r e p a n -  
c i e s  w i t h  a n  e x p l a n a t i o n  of  each i s  g i v e n  i n  t a b l e  V .  O t h e r  d i s -  

c r e p a n c i e s  s u c h  as  s l o w  a n d  p o r p o i s i n g  were n o t e d  l e s s  t h a n  2 p e r -  

c e n t  of t h e  time a n d  h a v e  n o t  b e e n  i n c l u d e d .  
The r e s u l t s  o f  t h e  q u a l i t a t i v e  e v a l u a t i o n s  g i v e n  i n  terms o f  

t h e  p e r c e n t a g e  o f  l a n d i n g s  i n  w h i c h  each o f ' t h e  d i s c r e p a n c i e s  was 
n o t e d  by each r e v i e w e r  were a v e r a g e d  a n d  a r e  p r e s e n t e d  i n  f i g u r e  1 4 .  
The s h o r t - r u n w a y  l a n d i n g s  w i t h  t h e  low-wing a i r p l a n e  were n o t  e v a l -  
u a t e d  s i n c e  t h e  l i m i t e d  f i e l d  o f  v i e w  d i d  n o t  a f f o r d  t h e  r e v i e w e r s  
s u f f i c i e n t  t ime t o  e v a l u a t e  t h e  a p p r o a c h e s  t o  t h e  l a n d i n g s .  

The q u a l i t a t i v e  e v a l u a t i o n s  show t h a t  t h e  m a j o r i t y  o f  t h e  

a p p r o a c h e s  was f a s t ,  r e g a r d l e s s  o f  t h e  a i r p l a n e  o r  t h e  runway .  
T h i s  was f o l l o w e d  by c o n s i d e r a b l e  f l o a t i n g  d u r i n g  t h e  f l a r e  a n d  by 
t o u c h d o w n s  t h a t  were r e l a t i v e l y  f l a t  o r  n o s e - l o w .  T h e s e  r e s u l t s  
a r e  i n  d i r e c t  a g r e e m e n t  w i t h  t h e  a n a l y s i s  o f  t h e  q u a n t i t a t i v e  d a t a .  

The f l o a t i n g ,  n o s e - l o w  touchdown t e n d e n c i e s  were mos t  p r o b -  

a b l y  a d i r e c t  r e s u l t  of t h e  f a s t  a p p r o a c h e s .  A l t h o u g h  n o t  s p e c i f -  
i c a l l y  shown by t h e  da t a  i n  f i g u r e  1 4 ,  30 t o  40 p e r c e n t  o f  t h e  f a s t  
a p p r o a c h e s  were a l s o  h i g h ,  s t e e p  a p p r o a c h e s .  T h e  f l a r e  d i s c r e p a n -  
c i e s  may v e r y  w e l l  h a v e  a l s o  b e e n  a s s o c i a t e d  w i t h  t h e  f a s t  a p p r o a c h e s  
b u t  were more  p r o b a b l y  a s s o c i a t e d  w i t h  b o t h  t h e  d e v i a t i o n s  f r o m  a 
s t a b i l i z e d ,  s t e a d y  f l i g h t  p a t h  a n d  t h e  h i g h ,  s t e e p  a p p r o a c h e s .  Q u i t e  
o b v i o u s l y ,  f l i g h t - p a t h  d e v i a t i o n s  d u r i n g  t h e  l a s t  p o r t i o n  o f  a n  
a p p r o a c h  p r i o r  t o  t h e  f l a r e  w i l l  d i s t r a c t  t h e  p i l o t  a n d  w i l l  i m p a i r  
h i s  j u d g m e n t  a s  t o  when t o  f l a r e  t h e  a i r p l a n e .  H i g h ,  s t e e p  a p p r o a c h e s  
w i t h  h i g h  r a t e s  o f  d e s c e n t  a r e  a l s o  d i f f i c u l t  t o  f l a r e  w i t h  c o n s i s -  

t e n c y  s i n c e  a c o n s i d e r a b l e  f l a r e  i s  r e q u i r e d  t o  a r r e s t  t h e  r a t e  o f  
d e s c e n t .  
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G e n e r a l  Comments 

The r e v i e w e r s  who e v a l u a t e d  t h e  l a n d i n g s  f rom t h e  g r o u n d -  
t r a c k i n g  f i l m s  made c e r t a i n  p o i n t s  a b o u t  t h e  o b s e r v . e d  p i l o t i n g  
p r a c t i c e s .  T h e s e  v i e w s  a r e  e x p r e s s e d  i n  t h e  f o l l o w i n g  comments:  

( 1 )  A l t h o u g h  s e v e r a l  p i l o t s  c o n s i s t e n t l y  a c h i e v e d  r rgoodl f  
l a n d i n g s ,  t h e r e  were n u m e r o u s  d e f i c i e n c i e s  n o t e d  i n  a major  p o r -  
t i o n  of t h e  a p p r o a c h e s  a n d  l a n d i n g s  made by t h e  o t h e r  p i l o t s .  
The d e f i c i e n c i e s  a p p e a r  t o  b e  p r i m a r i l y  a s soc ia t ed  w i t h  p i l o t i n g  
t e c h n i q u e s  r a t h e r  t h a n  w i t h  t h e  a i r p l a n e s ;  t h e  c a t e g o r y  o f  t h e  

p i l o t s  d i d  n o t  seem t o  h a v e  a n y  b e a r i n g  o n  p e r f o r m a n c e .  
( 2 )  The n o r m a l  o p e r a t i n g  e n v i r o n m e n t  may h a v e  had  a d e f i n i t e  

b e a r i n g  on  p i l o t  p e r f o r m a n c e .  The  p i l o t s  n o r m a l l y  o p e r a t e d  o u t  o f  
t h e  l a r g e  m e t r o p o l i t a n  a i r p o r t  w i t h  t h e  l o n g  runway u s e d  d u r i n g  
t h e s e  tes ts .  A t  s u c h  a n  a i r p o r t ,  w i t h  l o n g ,  w i d e  r u n w a y s  a n d  
o b s t r u c t i o n - f r e e  a p p r o a c h e s ,  t h e r e  i s  no  r e q u i r e m e n t  t o  l a n d  a t  a 
p r e c i s e  p o i n t  o n  t h e  runway  t o  p r e v e n t  o v e r r u n n i n g  t h e  runway  a s  
may be  n e c e s s a r y  on  a s h o r t ,  n a r r o w  runway w h e r e  t h e  m a r g i n  f o r  
e r r o r  would  b e  r e d u c e d  o r  a lmos t  n o n e x i s t e n t .  T h i s  s i t u a t i o n  may 
l e a d  t o  c o m p l a c e n c y  a n d  may p e r m i t  t h e  a c c e p t a n c e  o f  l e s s  t h a n  
opt imum p e r f o r m a n c e .  

( 3 )  F a i l u r e  o f  mos t  o f  t h e  p i l o t s  t o  f l y  t h e  a i r p l a n e s  s l o w l y  
i s  q u i t e  a p p a r e n t .  T h i s  may b e  a t t r i b u t e d  t o  s e v e r a l  f a c t o r s .  I t  
c o u l d  be  a s sumed  t h a t  t h o s e  p i l o t s  were f e a r f u l  o f  s t a l l i n g  t h e  
a i r p l a n e s  a n d  were o v e r c o m p e n s a t i n g  w i t h  e x c e s s  s p e e d .  Whi le  

e x c e s s  s p e e d  may p r e c l u d e  t h e  s t a l l ,  i t  o b v i o u s l y  i n t r o d u c e s  o t h e r  
u n d e s i r a b l e  c h a r a c t e r i s t i c s  s u c h  a s  f l o a t i n g ,  n o s e - l o w  t o u c h d o w n s ,  
and  b o u n c i n g  t e n d e n c i e s .  A n o t h e r  e x p l a n a t i o n  c o u l d  be  t h a t  t h e  
p i l o t s  were a t t e m p t i n g  t o  make e x t r e m e l y  smooth l a n d i n g s  a n d  
t h o u g h t  t h a t  t h e  e x c e s s  s p e e d  wou ld  h e l p  " g r e a s e "  t h e  a i r p l a n e s  o n  
t h e  runway.  I t  c o u l d  a l s o  be  a s s u m e d  t h a t  t h e  p i l o t s  were r e l u c t a n t  
t o  a c c e p t  t h e  r e d u c e d  a i r p l a n e  r e s p o n s e  c h a r a c t e r i s t i c s  a s s o c i a t e d  
w i t h  r e d u c e d  a i r s p e e d s .  

( 4 )  Even t h o u g h  most o f  t h e  l a n d i n g s  o b s e r v e d  u n d e r  t h e  c o n -  
d i t i o n s  o f  t h i s  s t u d y  were j u d g e d  t o  b e  a d e q u a t e ,  t h e y  were n o t  

17 



c o n s i d e r e d  d e s i r a b l e .  I f  t h e  p i l o t s  e x h i b i t e d  t h e  same p i l o t i n g  
t e c h n i q u e s  u n d e r  o t h e r  o p e r a t i n g  c o n d i t i o n s  s u c h  as  - moderate 
t o  h e a v y  t u r b u l e n c e ,  g u s t i n g  c ros s  w i n d s ,  l e s s  t h a n  i d e a l  runway 
c o n d i t i o n s ,  a n d  h i g h e r ' p e r f o r m a n c e  - l e s s  t o l e r a n t  a i r p l a n e s ,  
many of t h e  o b s e r v e d  l a n d i n g s  c o u l d  h a v e  r e s u l t e d  i n  u n s a f e  
s i t u a t i o n s  n e c e s s i t a t i n g  a "go-a round"  o r  p o s s i b l y  r e s u l t i n g  i n  
a l a n d i n g  a c c i d e n t .  

C O N C L U D I N G  REMARKS 

The r e s u l t s  o f  616 l a n d i n g s  made by 22 p i l o t s  i n  2 m o d e r n ,  
f o u r - p l a c e ,  s i n g l e - e n g i n e ,  l i g h t  a i r p l a n e s  ( o n e  h a v i n g  a low w i n g  
and  t h e  o t h e r ,  a h i g h  w i n g )  h a v e  b e e n  d o c u m e n t e d .  The l a n d i n g s  
were made o n  b o t h  a l o n g  runway  ( 1 5 2 4  m (5000 f t ) )  a n d  a s h o r t  
runway ( 7 6 2 . m  ( 2 5 0 0  f t ) ) ;  b o t h  r u n w a y s  were c o n s i d e r e d  t y p i c a l  o f  
r u n w a y s  u s e d  i n  g e n e r a l  a v i a t i o n .  The  f o l l o w i n g  comments  a r e  
b a s e d  on t h e  d a t a  c o l l e c t e d  d u r i n g  t h e  s t u d y :  

( 1 )  The f i n a l  a p p r o a c h  t r a j e c t o r i e s  showed  c o n s i d e r a b l e  
v a r i a t i o n s  from s t a b i l i z e d ,  s t e a d y  f l i g h t  p a t h s .  

( 2 )  The a v e r a g e  a p p r o a c h  s p e e d s  were g e n e r a l l y  h i g h e r  t h a n  

( 3 )  The p i l o t s  t e n d e d  t o  f l y  d e c e l e r a t i n g  a p p r o a c h e s  d u r i n g  
t h e  recommended s p e e d s  f o r  t h e  r e s p e c t i v e  a i r p l a n e s .  

t h e  f i n a l  app roach  r a t h e r  t h a n  m a i n t a i n i n g  a s t a b i l i z e d  s p e e d .  

(4) C o n s i d e r a b l e  f l o a t i n g  d u r i n g  t h e  f l a r e  was n o t e d .  
( 5 )  The a v e r a g e  touchdown s p e e d s  were w e l l  a b o v e  t h e  m e a s u r e d  

s t a l l  s p e e d  r a n g e s  o f  t h e  r e s p e c t i v e  a i r p l a n e s ,  a n d  a l a r g e  p e r -  
c e n t a g e  of t h e  t o u c h d o w n s  were made a t  s p e e d s  i n  e x c e s s  o f  t h e  
recommended a p p r o a c h  s p e e d s .  

e r a l l y  f l a t  o r  n o s e - l o w .  
( 6 )  The touchdown p i t c h  a t t i t u d e s  of  t h e  a i r p l a n e s  were g e n -  

( 7 )  Runway l e n g t h  a p p e a r e d  t o  i n f l u e n c e  t h e  a p p r o a c h  a n d  
l a n d i n g  t e c h n i q u e s  o f  t h e  p i l o t s  o f  b o t h  a i r p l a n e s .  

a n d  a l l  were comple t ed  w i t h o u t  damage t o  t h e  a i r p l a n e s .  However ,  
( 8 )  The l a n d i n g s  g e n e r a l l y  were c o n s i d e r e d  t o  b e  a d e q u a t e  
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many o f  t h e  l a n d i n g s  e x h i b i t e d  c h a r a c t e r i s t i c s  t h a t  r e d u c e d  t h e  
m a r g i n  o f  s a f e t y  a n d  p r e s e n t e d  t h e  p o t e n t i a l  f o r  a n  a c c i d e n t .  

L a n g l e y  R e s e a r c h  C e n t e r  
N a t i o n a l  A e r o n a u t i c s  a n d  S p a c e  A d m i n i s t r a t i o n  
Hampton,  V A  23665 
J u l y  1 4 ,  1976 
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TABLE I.- LOW-WING AIRPLANE C H A R A C T E R I S T I C S  
[ A i r p l a n e  Owner ' s  Manual] 

Wing a r e a ,  m2 ( f t 2 )  . . . . . . . . . . . . . . . . . 
Wing s p a n ,  m ( f t )  . . . . . . . . . . . . . . . . . 
L e n g t h ,  m ( f t )  . . . . . . . . . . . . . . . . . . . 
H e i g h t , m ( f t )  . . . . . . . . . . . . . . . . . . . 
P o w e r , k w ( h p )  . . . . . . . . . . . . . . . . . . .  
Empty w e i g h t ,  k g  ( l b )  . . . . . . . . . . . . . . . . 
G r o s s  w e i g h t ,  k g  ( l b )  . . . . . . . . . . . . . . . . 
Nominal  t e s t  w e i g h t , a  k g  ( l b )  . . . . . . . . . . . . 
Never  e x c e e d  s p e e d ,  k n o t s  (mph) . . . . . . . . . . . 
Approach  s p e e d  f o r  - 

F l a p s  u p ,  k n o t s  (mph) . . . . . . . . . . . . . . 
F l a p s  IOo, k n o t s  (mph)  . . . . . . . . . . . . . . 
F l a p s  25O, k n o t s  (mph) . . . . :. . . . . . . . . 
F l a p s  40°,  k n o t s  (mph) . . . . . . . . . . . . . . 
F l a p s  u p ,  g r o s s  w e i g h t ,  power  o f f ,  k n o t s  (mph)  . . 
F l a p s  40°,  g r o s s  w e i g h t ,  power o f f ,  k n o t s  (mph) . . 
F l a p s  25O, g r o s s  w e i g h t ,  maximum e f f o r t ,  

S t a l l  s p e e d  f o r  - 

T a k e - o f f  g r o u n d  r u n  a t  sea l e v e l  f o r  - 

m ( f t )  . . . . . . . . . . . . . . . . . . . . .  

G r o s s  w e i g h t ,  m ( f t )  . . . . . . . . . . . . . . . 
L a n d i n g  g r o u n d  roll a t  sea l e v e l  f o r  - 

S i n g l e  e n g i n e  
F o u r  p l a c e  
T r i c y c l e  l a n d i n g  g e a r  ( f i x e d )  
Basic metal c o n s t r u c t i o n  
F i x e d  p i t c h  p r o p e l l e r  

14 .9  ( 1 6 0 )  
9 . 1  ( 3 0 )  

7 . 2  ( 2 3 . 5 )  
2 . 2  ( 7 . 3 )  

134.3 ( 1 8 0 )  

591  ( 1 3 0 3 )  
1089 - ( 2 4 0 0 )  
9 2 5  ( 2 0 4 0 )  

149  ( 1 7 1 )  

74  ( 8 5 )  

71 ( 8 2 )  
6 9  ( 7 9 )  
66  ( 7 6 )  

1 8 2 . 9  ( 6 0 0 )  

~ . ~ .. . .- 

aNot  Handbook v a l u e .  
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TABLE 11.- H I G H - W I N G  AIRPLANE CHARACTERISTICS . 
[ A i r p l a n e  Owner ' s  Manua l ]  

Wing a rea ,  m2 ( f t 2 )  . . . . . . . . . . . . . . .  
Wing s p a n ,  m ( f t )  . . . . . . . . . . . . . . . .  
L e n g t h ,  m ( f t )  . . . . . . . . . . . . . . . . . .  
Power,  kw ( h p )  . . . . . . . . . . . . . . . . . .  
Gross w e i g h t ,  k g  ( l b )  . . . . . . . . . . . . . .  

H e i g h t , m ( f t )  . . . . . . . . . . . . . . . . . .  
Empty w e i g h t ,  k g  ( l b )  . . . . . . . . . . . . . .  
Nominal  t e s t  w e i g h t a ,  k g  ( l b )  . . . . . . . . . .  
Never e x c e e d  s p e e d  ( c a l i b r a t e d  a i r s p e e d ) ,  

k n o t s  (mph) . . . . . . . . . . . . . . . . . .  
F l a p s  u p ,  k n o t s  (mph) . . . . . . . . . .  61 t o  
F l a p s  down, k n o t s  (mph) . . . . . . . . .  56  t o  

Approach  s p e e d  f o r  - 

S t a l l  s p e e d  f o r  - 
F l a p s  u p ,  g r o s s  w e i g h t ,  power o f f ,  

a f t  c . g . ,  c a l i b r a t e d  a i r s p e e d ,  

F l a p s  40°, g r o s s  w e i g h t ,  power o f f ,  
a f t  c . g . ,  c a l i b r a t e d  a i r s p e e d ,  
k n o t s  ( m p h )  . . . . . . . . . . . . . . . . . .  

F l a p s  u p ,  g r o s s  w e i g h t ,  m ( f t )  . . . . . . . . .  
F l a p s  40°, g r o s s  w e i g h t ,  m ( f t )  . . . . . . . .  

k n o t s  (mph) . . . . . . . . . . . . . . . . .  

T a k e - o f f  g r o u n d  r u n  a t  sea l e v e l  f o r  - 

L a n d i n g  g r o u n d  r o l l  a t  sea l e v e l  f o r  - 

S i n g l e  e n g i n e  
F o u r  p l a c e  
T r i c y c l e  l a n d i n g  g e a r  ( f i x e d )  
Basic metal  c o n s t r u c t i o n  
F i x e d  p i t c h  p r o p e l l e r  

. 16.2 ( 1 7 4 )  
1 1  ( 3 6 )  

8.2 ( 2 7 ) <  

. 2.7 ( 8 . 7 5 )  

. 111.9 ( 1 5 0 )  

. 5 9 2  ( 1 3 0 5 )  

. 1043  ( 2 3 0 0 )  

. 8 9 4  ( 1 9 7 0 )  

. 1 5 1  ( 1 7 4 )  

7 0  ( 7 0  t o  8 0 )  
65 ( 6 5  t o  7 5 )  

. . .  5 0  ( 5 7 )  

. . .  4 3  ( 4 9 )  

. 263.7  ( 8 6 5 )  

. 158.5 ( 5 2 0 )  

aNot  Handbook v a l u e .  
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P i l o t  

1 
2 

3 
4 

5 
6 

7 
8 

9 
10  

P i l o t  

1 
2 

3 
4 

5 

6 

7 
8 

9 
10  
11 

12 

TABLE 111.- TEST SUBJECTS 

( a )  Low-wing  a i r p l a n e  

T o t a l  f l i g h t  
h o u r s  a t  

b e g i n n i n g  
of p r o g r a m  

115 

300 
8 7  

9 2  
55 

2 4 0  

560  

30  
100 

40  

T o t a l  f l i g h t  
h o u r s  a t  

b e g i n n i n g  
o f  p r o g r a m  

30 
2 4 0  

45 

7 5  

330 

105 

30 
100  

goo  t o  1000 

145 

33 
100  

L i c e n s e  
h e l d  

P r i v a t e  
P r i v a t e  
P r i v a t e  
P r i v a t e  
P r i v a t e  
P r i v a t e  
P r i v a t e  
S t u d e n t  
P r i v a t e  
S t u d e n t  

T o t a l  

N u m b e r  o f  
l a n d i n g s  

m a d e  o n  
l o n g  r u n w a y  

2 0  

18  
2 2  

7 

19 

2 7  
18 

13  
--- 

144 

I .  \ ... . . . -  
( b )  H i g h - w i n g  

L i c e n s e  
h e l d  

S t u d e n t  
P r i v a t e  
S t u d e n t  
P r i v a t e  
P r i v a t e  
P r i v a t e  
S t u d e n t  
P r i v a t e  
Commercial 
P r i v a t e  
S t u d e n t  
P r i v a t e  

T o t a l  

L r p i a n e  

Number  o f  
l a n d i n g s  

made o n  
l o n g  r u n w a y  

18 
18  

2 0  

2 0  

18 

19 

17 
16  

17 

163  

Number  o f  
l a n d i n g s  

m a d e  o n  
s h o r t  r u n w a y  

18 

18 
18 

--- 
18 

23  
18 

--- 
24 

18 

155 

Number  o f  
l a n d i n g s  

m a d e  o n  
s h o r t  r u n w a y  

154 
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I 

S h o r t  
_ _  

Mean 

8 3 . 6 -  
8 1 . 3  
8 0 . 3  
77.6 
76 .4  
75 .4  
74 .6  
74 .8  
74 .1  
72.9 
71 - 9  
68 .8  
60.5 

T A B L E  

runway  
S t a n d a r d  
d e v i a t i o n  

~- 

8 . 9 
? . 7  
9 . 3  

11.5 
9 . 7  
9.1 
(3 . 2 

7 .8  
7 . 0  
6 . 6  
6 . 0  

5.4 
5 . 6  

-- 

T i m e  
b e f o r e  

;ouchdown,  
sec 

. .- 

Mean 

8 5 . 3  
8 4 . 6  
84.8 
83.8 
83 .0  
81.6 
81.6 
8 1 . 5  
8 0 . 3  
79.1 
78.9 
74 .8  
6 6 . 3  

6 0  

55 
50 
45 
40 

35 
30 
25 
20 

15 
10 

5 
0 

S t a n d a r d  
d e v i a t i o n  

8 . 4  
7 . 2  
6.6 
6 . 8  
6 . 2  
5 . 6  
5 .8  
5 .1  
4 .9  
4 . 3  
5 . 3  
5 . 4  
6 . 2  

1 V . -  MEAN F I N A L  A P P R O A C H  A I R S P E E D  AND S T A N l j A I i D  D E V I A T I O N  

_ _  - 
F i n a l  a p p r o a c h  a i r s p e e d ,  k n o t s ,  f o r  - 

. - - - __ - - . 
Low-wing a i r p l a n e  o n  - High-wing  a i r p l a n e  o n  - 

Lon;  
Mean 

77.0 
77.4 
77 .8  
77 .8  
77.4 
77 .0  
76 .4  
75 .2  
7 4 . 5  
7 3 . 3  
71.1 
67 .3  
58 .7  

runway  
S t a n d a r d  
i e v i a t i o n  

8 . 0  

7 . 6  
7 . 6  
8 . 2  
8 . 2  
8 . 0  

7 . 6  
7 . 4  
6 . 6  
6 . 6  
6 . 8  
6 . 6  
7 . 8  

S h o r t  runway  
Mean 

67 .-6 
68 .6  
67 .8  
66.9 
66.7 
67.1 
66 .9  
66.1 
65.9 
65.3 
64.C 
6 0 . 3  
4 9 . 6  

~~ 

-_____ 
; t a n d a r d  
l e v i a t i o n  

6 . 6  
6.8 
7 . 2  
7 .2  
7 . 4  
7 .4  
7 . 2  
7 .0  
6 . 6  
6 . 6  
5 . 8  
6.4 
7 .0  
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TABLE V . -  D I S C R E P A N C I E S  S C O R E D  D U R I N G  L A N D I N G S  

D i s c r e p a n c y  

F l i g h t - p a t h  d e v i a t i o n s  

F a s t  a p p r o a c h  

H i g h ,  s t e e p  a p p r o a c h  

High  f l a r e  
M u l t i p l e  f l a r e  
Over  f l a r e  

Late f l a r e  

No f l a r e  
F l o a t  

Nose- low t o u c h d o w n  

Bounce  

E x p l a n a t i o n  

C h a n g e s  i n  f l i g h t  p a t h  a n d / o r  a i r s p e e d  
d u r i n g  a p p r o a c h  

D e t e r m i n e d  p r i m a r i l y  by  p i t c h  a t t i t u d e  
d u r i n g  a p p r o a c h  

A i r p l a n e  t o o  h i g h  when e n t e r i n g  camera 
f i e l d  o f  v i e w  - f l i g h t - p a t h  a n g l e  
s t e e p  

F l a r e  o c c u r r e d  t o o  h i g h  a b o v e  runway  
More t h a n  o n e  f l a r e  p r i o r  t.o t o u c h d o w n  
A i r p l a n e  p i t c h  r o t a t i o n  d u r i n g  f l a r e  

t o o  much ;  a i r c r a f t  s t a r t s  t o  c l i m b  
A i r p l a n e  p i t c h  r o t a t i o n  d u r i n g  f l a r e  

i n c o m p l e t e  b e f o r e  t o u c h d o w n  
No p i t c h  r o t a t i o n  b e f o r e  t o u c h d o w n  
E x c e s s i v e  d i s t a n c e  c o v e r e d  a f t e r  f l a r e  

a n d  b e f o r e  t o u c h d o w n  
A i r p l a n e  p i t c h  a t t i t u d e  t o o  l o w  a t  

t o u c h d o w n  

L a n d i n g  g e a r  c l e a r s  runway  a f t e r  
i n i t i a l  c o n t a c t  d u r i n g  t o u c h d o w n  
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L-73-2025 
F i g u r e  1. - Test  a i rp l anes ’ .  



0 0" Flaps 
. 0 46'Flaps 

----- Zero error 

- I  
I20 

Recorded indicated airspeed, knots 

( a )  Low-wing airplane. 

Figure 2.- Airspeed calibration of test airplanes. 
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( b )  High-wing airplane. 
Figure 2. Concluded. 
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L-72-4073.1  

F i g u r e  3.- Ground-tracking system. 



.. 

2 9  



w 
0 

L-70-3711.1 

Figure 5.- A i r p o r t  w i t h  long runway. 



L-72-7318.1 
Figure 6 . -  A i r p o r t  w i t h  s h o r t  runway. 



Headwind 

1 I 
I I 278 90" I I I 

1 

\ 4 8 12 16 
Wind speed, knots 

240 a, t o  
Tailwind 

( a )  Low-wing a i r p l a n e  o n  l o n g  r u n w a y .  
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A motion-picture film supplement L-1208 is available on loan. 
Requests will be filled in the order received. 

The film ( 1 6  mm, 4.5 min, color, sound) shows various approaches 
and landings with delineated discrepancies noted during each approach 
and landing. 

Requests for the film should be addressed to: 

NASA Langley Research Center 
Att: Photographic Branch, Mail Stop 425 
Hampton, VA 23665 
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